Background--We investigated how body weight affects survival after stroke, leveraging the availability of multiple prestroke body mass index (BMI) measurements and using a nested case-control design in a community-based sample.
independent risk factor for stroke, and increased body mass index (BMI) has been associated with all-cause mortality in the general population. 3, 4 For primary prevention of stroke, clinicians recommend lifestyle modification and maintenance of healthy weight. 5 However, the effects of overweight and obesity on prognosis after stroke are a controversial topic. Some prospective studies have observed lower mortality after stroke in obese persons compared with those with normal weight, 6 ,7 but others have not. 8, 9 The counterintuitive relationship observed between higher BMI and improved survival after stroke has been described as an "obesity paradox" and is seen in other disease states such as heart failure and myocardial infarction. 10, 11 Previous studies sampled only hospitalized patients without agematched control groups. Hence, it was not clear whether a higher body weight reduced mortality in all older adults or only in persons with stroke. In addition, change in weight before stroke may also be associated with mortality, 12, 13 information that is not routinely obtained at the time of hospitalization. To better understand the complex relationship between weight status and mortality in the presence and absence of stroke, we examined the association among participants with incident ischemic stroke and all incident stroke, compared to stroke-free controls matched on age, sex, and BMI category, in the community-based Framingham Heart Study (FHS). In secondary analysis we investigated whether change in BMI before stroke affects the observed associations by restricting the normal-weight reference group to persons with 2 normal BMI measurements within the 10 years before stroke or matching.
Methods Study Design
We used a nested case-control study design. Investigators followed a cohort of all incident stroke cases in the FHS with prestroke BMI data available for all-cause mortality. We followed a cohort of stroke-free matched controls in an identical manner. The study protocol was approved by the institutional review board of Boston University School of Medicine, and all participants gave written informed consent.
Selection of Participants
The Original FHS cohort enrolled in 1948 consisted of 5209 participants (2336 men and 2873 women), aged 28 to 62 years, who were reexamined every 2 years. The Offspring cohort, which also enrolled the spouses of offspring, began in 1971 and consisted of 5124 participants (2483 men and 2641 women), aged 5 to 70 years, who were examined approximately once every 4 years.
Between January 1951 and December 2011, 1058 subjects between the ages of 45 and 85 had an incident stroke. Stroke cases attending a FHS examination within the 5 years before their incident stroke were included in the analysis. Participants without BMI measurement at the exam or with BMI <18.5 were excluded. To each case we randomly assigned 3 age-(within 2 years), sex-, and BMI categorymatched controls who were alive and stroke-free at matching and who had attended an examination within 5 years before the matching date. We excluded a total of 276 cases: 210 had not attended an exam within 5 years before stroke; 41 attended a recent exam but did not have BMI data available; 15 had BMI <18.5; 16 did not have matching controls.
Definition of Stroke
The stroke surveillance protocols for the FHS, including confirmation of diagnosis, type of stroke, and assessment of stroke severity, have been published previously. 2, 14 The diagnosis of stroke was determined by a panel of 3 investigators (at least 2 neurologists) using ongoing clinic and hospital surveillance data: medical records, imaging, and, when available, examination by a FHS neurologist. Clinical stroke was defined as rapidly developing focal neurologic symptoms and signs of presumed vascular etiology, lasting more than 24 hours. This definition excludes transient ischemic attacks and silent cerebral infarctions detected only by imaging. Stroke was categorized into ischemic, including atherothrombotic brain infarction and cardiac embolus, or hemorrhagic, including subarachnoid and intracerebral. These definitions were initially based on clinical and cerebrospinal fluid findings. Since the late 1970s, findings on neuroimaging were used to confirm the diagnosis. Ischemic stroke was diagnosed if brain imaging showed no hemorrhage, if imaging showed an infarct that correlated with the clinical deficit, or if an ischemic infarction was documented at autopsy. Ischemic stroke subtypes were categorized based on preestablished diagnostic criteria that include clinical
Clinical Perspective
What is New?
• The article presents long-term data from a large communitybased prospective study investigating the association of prestroke weight status with survival after stroke.
• Using a nested case-control design and rigorous adjustment for potential confounding, the study observed that persons who were overweight or mildly obese had reduced 10-year mortality after stroke, compared with normal weight persons.
• This paradoxical effect was strongest in participants less than age 70 or in males; no survival benefit was seen with excess weight in the stroke-free control group.
• Removal of participants with prestroke weight loss and controlling for prior smoking did not change the observed results.
What Are the Clinical Implications?
• Obesity is a risk factor for stroke and is associated with higher mortality, yet the role of increased body weight on prognosis after stroke remains a controversial topic.
• It is unknown whether a biological mechanism associated with excess weight is responsible for the survival benefit, or whether other factors, such as more intensive risk factor control in the overweight or obese, produced this finding.
• Further research is needed to determine appropriate clinical recommendations for weight loss or weight maintenance after stroke.
features, imaging studies and other laboratory criteria, noninvasive vascular studies, cardiac evaluations for a source of embolus, and information from autopsy studies, if performed. 
Description of Dependent and Independent Variables
Weight was determined to the nearest pound on a physician's scale, and stature was measured to the nearest quarter inch. Height and weight were converted to meters and kilograms, allowing calculation of BMI for participants at each examination. Three BMI categories (normal, BMI 18.5 to <25; overweight, BMI 25 to <30; obese, BMI ≥30) were used in primary statistical analyses, as well as 5 subcategories (normal, BMI 18.5 to <25; low overweight, BMI 25 to <27.5; high overweight, BMI 27.5 to <30; low obesity, BMI 30 to <32.5; high obesity, BMI ≥32.5). Systolic blood pressure was measured for participants at each clinic examination. Marital status (married or not married), education (no high school graduation, high school graduate, some college, and college graduate), smoking pack-years, and current smoking (yes or no), were determined during interview. Persons on diabetic medications or with a recorded fasting glucose ≥7.0 mmol/L or random blood glucose level ≥11.1 mmol/L at the clinic examination were categorized as having diabetes mellitus. Atrial fibrillation was verified by 2 FHS cardiologists who reviewed interim and examination electrocardiograms. Methods used to document, diagnose, ascertain, and classify coronary heart disease and heart failure in the FHS have been published. 15 Prevalent cancer was validated using medical records with pathology reports, if available; the definition excluded benign tumors and nonmelanoma skin cancers. Detection and diagnosis of dementia have been described in a previous report. 16 For sensitivity analysis, we defined a prestroke "stable normal weight" reference group for comparison with higher BMI categories. Participants were identified as having "stable normal weight" if they had BMI measurements of 18.5 to <25 in 2 previous exam cycles within 10 years before the date of stroke or matching. Participants were required to have 1 of these measurements in the recent period, within 5 years before stroke/matching and the other measurement more remotely, from between 5 and 10 years before stroke/ matching, to define their normal weight as "stable" over a long-term period of 5 to 10 years.
Participants were followed for mortality for up to 10 years from the date of stroke or matching, through December 2014. Deaths were ascertained by a committee of 3 physicians to determine probable cause after review of hospital records, imaging, autopsy findings, death certificates, and interviews with family members. The end point of this study was allcause mortality.
Statistical Analysis
Baseline characteristics were described for cases and controls using measures of central tendency and dispersion (meansAESD or medians and quartiles) for continuous variables and frequency and proportions for categorical variables. Differences between the groups were evaluated using t tests, ANOVA, chi-squared, and Fisher exact tests, as appropriate.
Separately for ischemic stroke cases, all stroke cases, and stroke-free matched controls, we used multivariable Cox proportional hazards models with 10-year mortality as the outcome to estimate the hazard ratios associated with (1) a 1 standard of deviation change in natural log-transformed BMI, (2) each of 2 BMI categories (overweight and obese) as compared to the referent normal BMI, (3) a composite indicator of overweight plus obese participants with BMI ≥25 as compared to a normal BMI 18.5 to <25, and (4) each of 4 BMI subcategories (low overweight, high overweight, low obesity, and high obesity) compared to normal weight. Model 1 was adjusted for age, sex, time between the FHS examination and event date, education, marital status, and smoking status. For ischemic stroke cases and their strokefree matched controls, a second model (model 2) was adjusted for the same factors as model 1 as well as systolic blood pressure, diabetes mellitus, atrial fibrillation, heart failure, coronary heart disease, prevalent cancer, and dementia. We tested for an interaction between case/control status and BMI category in their effect on mortality overall and stratified by age and sex. Additionally, among ischemic stroke cases, we tested for interaction between the weight category and each of stroke severity and ischemic stroke subtype in their effects on mortality.
In sensitivity analyses, participants with weight loss within 10 years before stroke or matching were excluded to create a "stable normal weight" reference category (see Description of Dependent and Independent Variables). We performed additional sensitivity analysis to assess for an effect of antecedent smoking, adjusting for pack-years smoking (instead of current smoking in model 1). Further secondary analysis was conducted using a follow-up interval of 1 year to assess short-term mortality. Significance was set at P<0.10 for tests for interactions and P<0.05 for all other models. Data were analyzed using SAS version 9.4 (SAS, Cary, NC).
Results
During the time period from which strokes were selected (1951-2011), incident first-ever stroke occurred in 782 (51% women) participants aged 45 to 84 who attended a recent exam, had BMI data available, and were not underweight. Figure S1 displays the selection of the study participants. The mean age of participants at initial stroke was 70.6 (SD 9.3) years; mean age for matched controls was 72.2 (SD 9.2) years. Median BMI was 26.7 (Q1-Q3 24.3-29.9) for cases and 26.7 (Q1-Q3 24.3-29.8) for controls. Among the cases and controls, 31.5% (246/782 and 738/2346, respectively) were normal weight, 44.2% (346/782 and 1038/2346, respectively) were overweight, and 24.3% (190/ 782 and 570/2346, respectively) were obese. Table 1 summarizes the overall baseline characteristics for cases and controls. As expected, cases were more likely to be current smokers, had higher systolic blood pressure, and were more likely to have diabetes mellitus, atrial fibrillation, heart failure, coronary heart disease, and prevalent dementia. They were more likely to be on treatment for hypertension. Among 677 ischemic stroke cases, 202 (29.8%) were normal weight, 167 (24.7%) were low overweight, 132 (19.5%) were high overweight, 86 (12.7%) were in the low obesity category, and 90 (13.3%) were in the high obesity category. Matched controls had a similar distribution in the 5 BMI categories, 606 (29.8%), 545 (16.8%), 352 (17.3%), 271 (13.3%), and 257 (12.7%), respectively. Table 2 summarizes the baseline characteristics of the ischemic stroke cases, grouped by weight categories. There were no significant differences in ischemic stroke subtype or stroke severity among the weight categories. Among ischemic stroke cases, as compared with persons of normal weight, those who were overweight or obese were significantly more likely to be male, married, less educated, nonsmokers, and diabetic. There were no significant differences in age, systolic blood pressure, heart disease, prevalent cancer, dementia, or treatment for hypertension. The distribution of stroke severity or stroke subtype did not differ by composite weight category (BMI 18.5 to <25 or BMI ≥25), as shown in Table S1 . Table S2 displays the causes of mortality, either cardiovascular, cancer, or other, for ischemic stroke cases, all stroke cases, and controls, overall and stratified by weight categories. Among ischemic stroke cases, 65 died within 30 days of stroke (37% normal weight, 35% overweight, and 28% obese). Table 3 displays the hazard ratios for mortality among the BMI categories for ischemic stroke cases and their matched controls, controlling for sociodemographic factors and smoking in model 1. Complete data for model 1 were available for 579 ischemic stroke cases and 1649 controls. Overall, we found a significant interaction between case/control status and composite BMI or BMI subcategory in their effects on mortality (P=0.051 and 0.079, respectively). Figure A displays a KaplanMeier survival curve stratified by case/control status and composite BMI category. The association between BMI and mortality was not linear for strokes or controls. Compared with normal-weight participants with ischemic stroke, there was significantly lower mortality at 10 years in overweight participants (HR=0.70, 95%CI 0.55-0.90, P=0.005) but not in obese participants. Lower mortality was observed among a composite group of overweight and obese participants with BMI ≥25 (HR=0.75, 95%CI 0.60-0.94, P=0.011) compared with normalweight BMI 18.5 to <25. We did not observe a significant association between weight status (overweight, obese, or composite BMI ≥25) and mortality among stroke-free controls. Adjusting for smoking pack-years to control for antecedent smoking did not change the effect of weight status categories on mortality (data not shown).
Among participants with ischemic stroke, on further categorization, the low overweight, high overweight, and low obesity subgroups had significantly lower mortality compared with the normal-weight group (HR=0.69, 95%CI 0.52-0.91, P=0.010; HR=0.71, 95%CI 0.53-0.97, P=0.031; HR=0.63, 95% CI 0.44-0.90, P=0.011, respectively), whereas participants in the high-obesity subcategory with BMI ≥32.5 did not differ from the normal-weight group (HR=1.14, 95%CI 0.82-1.59, P=0.437).
Results for analyses of all stroke cases (ischemic and hemorrhagic) and their matched controls for model 1 are shown in Table S3 . Multivariable data were available for 664 stroke cases and 1919 controls. The protective effect of a higher BMI was diminished with inclusion of hemorrhagic stroke cases in the analysis, as case-control interaction did not reach statistical significance for an effect of higher BMI on mortality (P=0.130 for composite BMI and P=0.294 for BMI subcategories). However, stroke cases with moderately high BMI, including overweight and mildly obese persons, had lower mortality compared with the normal-weight reference group. Table S4 shows results for the secondary analysis (model 2), which adjusted for sociodemographic factors, smoking, cardiovascular risk factors (systolic blood pressure and diabetes mellitus), heart failure, atrial fibrillation, coronary artery disease, cancer, and prevalent dementia. Results are shown for ischemic stroke cases and controls. Among participants with ischemic stroke, mortality was less among the "low obese" than the normal-weight cases.
Case/control interactions stratified by age, sex, and smoking are shown in Table 4 for the ischemic stroke cases and controls. We stratified age by those younger and older than 70, near the median age for the case and control cohorts. Lower mortality with higher prestroke BMI was observed primarily in persons aged <70 years and in males, as displayed in Figure B and C.
Sensitivity analyses restricted the normal-weight reference group to participants with no weight loss before the stroke or matching. Table S5 displays the hazard ratios for mortality comparing different weight categories to the "stable normal weight" reference group. Ischemic stroke cases in the overweight BMI category, low overweight subcategory, and low obesity subcategory had improved survival compared with those with stable normal weight (HR=0.72, 95%CI 0.53-0.99, P=0.041; HR=0.67, 95%CI 0.47-0.95, P=0.025; and HR=0.60, CI 0.37-0.99, P=0.044, respectively). No difference was seen by BMI category in the controls. Table S6 shows identical analyses for all stroke with the reference group again restricted to participants with stable normal weight. We did not observe a statistical significance in case/control interaction for survival stratified by weight groups, including composite BMI (P=0.351) and BMI subcategory (P=0.718).
In a final sensitivity analysis, mortality at 1 year follow-up did not significantly differ between weight groups in either ischemic stroke cases or controls, as shown in Table S7 . 
Discussion
The comprehensive risk factor, weight, and mortality data captured in the FHS, along with monitoring of stroke-free controls, afford a unique opportunity to evaluate the role of elevated body weight on mortality after stroke and to assess if this is an effect seen in all older persons or is restricted to stroke survivors. At 10 years of follow-up, overweight and mild obesity were associated with reduced mortality after ischemic stroke, independent of other factors including age, sex, smoking, other cardiovascular risk factors, cancer, and dementia. There was no difference in the distribution of ischemic stroke severity or subtype between normal and overweight or obese participants to account for the difference in survival. The protective effect of a higher BMI was diminished with inclusion of hemorrhagic stroke cases, although the association between increasing weight and mortality again followed a U-or J-shaped curve. Overall, participants with BMI 25 to <32.5 experienced a long-term survival benefit after ischemic stroke, an effect not consistently seen in the controls without stroke. The effect was strongest in persons with stroke who were younger than age 70 or in males. Removal of participants with recent and potentially illness-induced weight loss from the reference group attenuated but did not eliminate the observed association. Additional adjustment for antecedent smoking did not change the effect of weight status on mortality. Our study did not observe a difference in mortality in short-term follow-up of 1 year. Findings describing an obesity paradox in stroke have been reported from single-center studies, 6, 8 clinical trials data, 17, 18 and regional or national stroke registries. 7, 19, 20 For long-term mortality, with median follow-up time ranging from 2.5 to 10 years, BMI 25 to 30 was associated with the best survival in many studies. Our results differ from other reports in that we did not find lower mortality with higher BMI beyond mild obesity. 6, 7, [18] [19] [20] One reason may be that BMI data are frequently missing in studies of hospitalized patients, where weight is measured at the time of admission. Patients in whom BMI is missing have been shown to be older, with more severe strokes. 9 The current study used a measurement of BMI assessed before the stroke, during routine examination, and hence is available for most participants. Many studies did not separate the analyses of ischemic and hemorrhagic stroke, 9,21 stroke types with distinct patterns of mortality.
To our knowledge, the only longitudinal study to previously examine weight status, prestroke weight loss, and poststroke mortality was the Honolulu-Asia Aging Study of JapaneseAmerican males. 12 This research found that prestroke weight loss, but not BMI, was associated with 30-day and up to 8-year poststroke mortality. Our study also used multiple prestroke BMI measurements and benefits from a broad distribution of participants stratified in the different weight categories. The ability to use objectively measured BMI in prospective studies, instead of self-reported weight, reduces the risk of recall bias. We were able to perform analyses for a large proportion of overweight and obese participants, which Journal of the American Heart Association may partially explain differences in our findings compared with the Honolulu study. The mechanism by which increased weight is protective after stroke is not clear. In normal-weight or underweight persons with stroke, outcomes may be worse due to less metabolic reserve for recovery, relative frailty, or a poor nutritional state. 22 Obese patients, specifically, may have lower rates of smoking or may have some poorly understood physiologic or metabolic advantage. Ozeke et al proposed that obstructive sleep apnea, which is highly prevalent in both obesity and stroke, may be responsible for a form of ischemic preconditioning due to chronic intermittent hypoxia; 23 obesity thus would be indirectly neuroprotective following an episode of acute ischemiareperfusion injury. Future research investigating underlying mechanisms for the obesity paradox might additionally explore the roles of adipocytokines, longitudinal macronutrient and caloric intake, or poststroke dietary choices. Weight gain, weight loss, physical activity, and caloric restriction effects can be studied in animal models, such as in overfed mice or strokeprone spontaneously hypertensive rats, for example. 24, 25 Certain design aspects should be considered to explain the findings. Overweight or obese people may be more likely to be on medications to address risk factors or to have closer follow-up with physicians due to their appearance. Overweight may also be more protective at certain ages. In our study, the association of overweight and improved survival was strongest in those with stroke younger than age 70, compared with controls. Towfighi et al reported different findings using data from NHANES, noting that obesity was significantly protective in the elderly. 21 We found a similar trend in participants over age 70; however, the results were not significant. Whereas the current study investigated survival after stroke, it is important to note that stroke incidence may still be higher among persons who are overweight or obese. Weight is an independent risk factor for stroke, and stroke is associated with higher mortality. In the population, mortality is higher among overweight and obese persons with stroke, even though the stroke case fatality rate may be lower when compared with normal-weight persons. Our results should not be misinterpreted to indicate that obesity has an overall protective health effect with regard to population stroke mortality.
Our study had several strengths, including the completeness of data available on risk factors and comorbidities, minimal loss to follow-up, and the analysis of a control cohort. The study also had limitations. Our study sample was underpowered to look at the effect of severe obesity, BMI ≥40. Our study may be underpowered to investigate the association of BMI with mortality after hemorrhagic stroke. We did not address the relationship between weight and recurrence of stroke or other cardiovascular disease. Our study population is predominantly white and of European descent, affecting the generalizability of the results.
Future studies in stroke patients can use other anthropometric measures, including waist-hip ratio or sagittal abdominal diameter, use imaging measures of central or visceral adiposity, or determine obesity genetic risk scores to further reduce bias and reveal specific causative mechanisms underlying the association between body weight and reduced mortality.
Summary
We observed that overweight and mild obesity are associated with lower mortality after ischemic stroke, without similar effect in a matched control group. Whether increased weight has a direct role in conferring a survival advantage after stroke has yet to be determined. Future clinical studies using alternative measures of fat mass, research using obesity animal models, and studies of obesity genetic profiles can further our understanding of this paradoxical effect. 
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